Abstract: During the recent decades Brazil has experienced an exponential growth in the aviation sector resulting in an increasing workforce. The aircraft maintenance industry stands out, where the workers have to handle different kind of objects. The aim of this study was to evaluate psychosocial indicators as well as musculoskeletal symptoms and disorders among aircraft maintenance workers. One hundred and one employees were evaluated (32.69 ±8.25yr, 79.8±13.4kg, and 1.75±0.07m). Musculoskeletal symptoms and disorders were assessed through the Nordic Musculoskeletal Questionnaire (NMQ) and a standardized physical examination. The Job Content Questionnaire (JCQ) and the Utrecht Work Engagement Scale (UWES) were applied to evaluate psychosocial indicators. Results of the NMQ indicate the lower back as the most affected body region. On the other hand, the physical examination has shown clinical diagnosis of shoulder disorders. Neck, upper back and ankle/foot were also reported as painful sites. Most of workers have active work-demand profile and high work engagement levels. We suggest that musculoskeletal symptoms may be related to high biomechanical demand of the tasks performed by workers, what must be further investigated.
Introduction
During the recent decades Brazil has experienced an exponential growth in the aviation industry. In 2005, civil aviation registered the higher productivity since the beginning of the decade. Data released by the National Union of Airway Companies show that, during 2009, more than thirty million passengers have traveled on domestic flights, which represents an increase of 19.4% in relation to data of 2004. When looking at the last decade, the number of passengers flying on national companies increased by 146%. It has moved from 22.8 million in 1998 to 56.2 million in 2008 [2] .
Considering this growth, the aviation sector has considerably increased the number of workers employed by different industries from those dedicated to customer service until industries of cargo and aircraft maintenance. Subjects working in the aviation industry have a commitment with safety that gives to this sector a number of peculiarities related to attention, training and work engagement. Safety must be considered at all levels of the aviation industry. Nevertheless, safety stands out among air traffic controllers as well as among workers doing aircraft maintenance. Arvidsson et al [12] assessed the physical exposure, based on movements and electromyography recordings, among air traffic controllers when using two different information technology systems. The risk factors for work-related musculoskeletal disorders (WRMD) identified in their study were mainly related to the computer use and psychosocial factors present at the workplace. The literature does not have any information regarding musculoskeletal disorders and risk factors when the focus is the aircraft maintenance industry.
According to Ward et al [20] , the aircraft maintenance industry is a complex system, where organizational and work environment factors may contribute to produce a crash. Considering the large variability of activities developed by workers in this kind of industry, it is possible to highlight tasks involving manual material handling. Workers usually have to handle different objects ranging from small components to large pieces of the aircraft, while possible exposed to physical and psychosocial risk factors of the workplace. The association between manual material handling and the development of low back injury is well established in the literature [4, 24, 17, 30] . Futhermore, manual material handling can also require great effort of upper limbs, lower limbs and neck [17, 30, 22, 25, 5, 1] . The literature shows a large amount of information related to the low back loads during manual material handing while small effort has been applied on understanding loads on upper limbs [1] . Besides physical factors, psychosocial demands are reported as possible risk factors for musculoskeletal disorders on both the upper limbs and low back [28, 32] . Therefore, actions to control work-related musculoskeletal disorders may be based on a comprehensive analysis of the workplace, involving the assessment of both physical and psychosocial factors, as well as the musculoskeletal response resulting from the interaction between risk factors.
Considering the lack of knowledge available in the literature regarding risks factors of the aircraft maintenance industry as well as the importance of carrying out preventive actions, the aim of this study was to evaluate psychosocial indicators as well as musculoskeletal symptoms and WRMD among aircraft maintenance workers.
Methods
One hundred and one male employees (32.69 ± 8.25 years, 79.8 ± 13.4 kg, 175 ± 7 cm) of an aircraft maintenance company participated in this study. They do not perform maintenance itself (they are not aircraft mechanics) but their job gives support to the maintenance. Therefore all workers are used to perform manual material handling tasks -which were defined as tasks that require the use of force to carry, lift or lower objects with the hands. The study was approved by the local Ethics Committee on Human Research, and all participants signed an informed consent form.
Musculoskeletal complaints were recorded through the application of the Brazilian version of the Nordic Musculoskeletal Questionnaire (NMQ), which was validated by Barros and Alexandre [6] . A physical examination was also performed in order to investigate musculoskeletal disorders through the application of specific tests. It was based on the physical examination developed by the Department of Occupational and Environment Medicine of Lund University [15] , which focus on the assessment of the upper limbs. Considering that workers are also exposed to risks involving the lower back, specific tests for the lower back were also included in the examination protocol.
Psychosocial indicators were evaluated through the Job Content Questionnaire (JCQ) and the Utrecht Work Engagement Scale (UWES). The JCQ, proposed by Theorell in 1988 [21] , is based on the demand-control model, and it also assesses social support. The UWES focuses on the work engagement, investigating positive aspects of the work instead of assessing burnout, as the majority of psychosocial scales and questionnaires.
The workers were initially introduced to the study and received information about the questionnaires. They could subsequently fill in the questionnaire in the presence of the researchers. The physical examination was schedule and performed individually on all workers.
The data were processed according to the instruction of each questionnaire. The physical examination has allowed the establishment of diagnosis of upper limb disorders, based on standardized criteria [15] . The results of tests for low back region were reported separately. All data were descriptively presented.
Results
Data of musculoskeletal symptoms recorded using the Nordic Musculoskeletal Questionnaire are presented in Table 1 . It was observed that 77.2% (n=78) of the workers have had complaints during the last 12 months. For the last seven days, 55.4% (n=56) of the participants had reported pain in some part of their body.
The NMQ data show that the complaints are mainly concentrated on lower back, neck, upper back in both annual and weekly prevalence. The shoulder region also has presented high percentage of reported symptoms. Nevertheless, it occurs when the last year is considered rather than the previous week. The elbows have shown the smallest rate of reported symptoms.
The percentage of employees that have experienced functional incapacity during the last 12 months was less than 37% (n=37). The body part most frequently associated with functional incapacity was the lower back (18.3%), followed by neck (10.6%) and upper back (9.6%). Approximately 45.5% (n=46) of employees have searched for medical assistance as a result of musculoskeletal symptoms. The most common region associated with search for medical assistance was also the lower back (23.1%). In general, it is possible to identify a pattern where the lower back is the most frequently affected region, followed by neck and upper back. When symptoms during the last 12 months are considered, the shoulders also stand out. This distinction is not so strong for the weekly prevalence as well as for functional incapacity or search for medical assistance. In these conditions the ankles/foot were also highly reported.
The data regarding the diagnosis established on the basis of the standardized physical examination and criteria are presented in Table 2 .
In general, data indicate a relatively small number of workers with diagnosis of musculoskeletal disorder. The most common disorders are associated with tension in the neck and shoulder muscles.
The data presented in Table 3 shows the percentage of workers reporting symptoms on the lower back, according to the physical examination. Table 3 Percentage of workers with complaints and percentage of bilateral cases related to the lower back. According to the tests performed during the physical examination of the lower back (trunk movements -tilting, rotation, flexion-extension; muscle strength test; esthesiometry) none positive signals were found among the subjects. However, approximately 50% of workers have reported lower back pain. Other symptoms (as numbness or weakness in the legs) were reported by less than 13% of the participants (Table 3) .
Symptom
The results of the JCQ are presented in Figure 1 . It is observed that most of the workers (34%) was classified as active according to the demand-control model (high psychological demand and high control over the work process). The assessment of social supported showed that 57.4% of the participants have high level of social interaction with superiors and colleagues. Table 4 shows data of the UWES. The 'high' level was the most common classification for all the domains of the scale (engagement, absorption, dedication and vigor). No worker was classified as "very low" level for the domains engagement and vigor, and less than 2% of the participants had shown "very low" level of dedication and absorption. 
Discussion
Musculoskeletal symptoms in neck, shoulder and lower back are strongly associated with high levels of workload with subsequent absenteeism. The expenses generated by musculoskeletal imbalances have great socioeconomic impact due to the decrease in productivity and early retirements [8, 11] . Investigations focusing on both physical and psychosocial aspects are important to identify the installation of WRMD and to design effective preventive measures, according to the major cause of musculoskeletal disorders [3] . The aviation industry has a growing workforce, and the lack of knowledge available in the literature regarding risk factors for WRMD in this sector impairs the development of actions that aim to control the development of musculoskeletal disorders.
Kemp et al [26] evaluated the civilian and military U.S. Air Force (USAF), and found that handling aircraft components, boxes and furniture were the activities that most frequently caused injury to workers (33%), resulting a high number of absences. It shows the importance of looking at manual material handling tasks. On the other hand, Hoozemans et al [23] evaluated 10 workers handling boxes and they did not find any symptom on the lower back among them. When evaluating manual material handling tasks it is important to consider the height of the task and the weight of the loadthese features directly affect the compression force on structures of the lower back. In the aircraft maintenance scenario the high mass of the objects handled can overload the lumbar spine. Besides that, other body segments than the lower back are strained during manual material handling [1] . These aspects corroborate the results shown by the NMQ in this study. We observed that the lower back was the most common region where pain occurred during the past 12 months (45%) and during the last week (25%). Symptoms on this region were associated with functinal impairment as well as with search for medical assistance. Besides the lower back, symptoms on neck, upper back, shoulders and ankles/foot were also reported. Strain on shoulders during manual material handling has been reported in the literature [1, 14] . It occurs mainly when the handling task is performed either in high or low surfaces [1] . The trapezius insertion between neck and shoulder and the effort of this muscle during shoulder movements can explain neck symptomsit is difficult to differentiate neck and shoulder segments due the connection established by the trapezius muscle [15] . In general, the standing position is used all over the day, and it explains symptoms reported on ankles and foot. The safety shoe used also contributes to the development of symptoms on foot since they are not comfortable.
The most common disorders diagnosed through the physical were the acromioclavicular syndrome (17.9%), neck tension syndrome (14.7%), and bicipital tendinitis (12.6%), which do not fully agree with the results of the NMQ. The differences between the findings obtained by the questionnaire and the physical examination are related to the specificity of the last one. The standardized musculoskeletal examination was developed to evaluate neck and upper extremity disorders [15] . Therefore, this examination does not include the assessment of the lower back. Even though the repetitive and static muscular work has increased among jobs (causing strain on neck and upper limbs), the lower back is highly impaired among workers doing heavy work. It shows the need for standardized diagnostic methods to assess the lower back. Further studies must focus on this topic. The assessment of the lower back is not an easy task considering the difficulty to identify the source of pain in clinical examination. In the upper limbs, the superficial structures allow palpation and it facilitates the establishment of the clinical diagnosis. The deep structures that are source of pain in the lower back are not accessible to palpation, which makes the examination difficult. In general, musculoskeletal symptoms recorded using the NMQ were higher than disorders diagnosed by the physical examination. It may indicate the occurrence of strain on specific body sites that can lead to WRMD to medium and long term. In order to identify factors of the workplace that are related to this strain, the evaluation of the workplace is essential.
The literature shows that the combination of physical and psychosocial workplace risk factors can increase musculoskeletal complaints in relation to the exposure to one or the other kind of risk factors [13] . Pransky et al [9] justify the importance of considering psychosocial factors when determining how workers perceive and report musculoskeletal symptoms. In addition, besides being risk factors for developing musculoskeletal disorders, poor psychosocial conditions are associated with poor quality of activities performed by workers [28, 33] . The presence of high demand and high control at work may have an inverse relationship with musculoskeletal disorders, especially with lower back, neck and shoulder involvements [18, 19, 31] . The results recorded by the JCQ and UWES, in general, indicate good psychosocial conditions, with the majority of workers classified as active (according to the demand-control model) and with high scores of engagement, vigor, dedication, and absorption at work. Nevertheless, Joling et al [3] suggest that psychosocial conditions are not good enough to ensure lower incidence of musculoskeletal symptoms, which corroborates our results. Good psychosocial indicators have not prevented the development of musculoskeletal symptoms among the participants. The social context of the work is also an important factor that affects psychosocial scores, having a direct relationship with musculoskeletal symptoms [27, 11, 10] . Once most of workers (57.4%) have shown high scores of social support, this aspect may not be associated with musculoskeletal symptoms and disorders identified among the workers.
Furthermore, not all psychosocial indicators are inversely related with WRMD. In a meta-analysis study, Crawford et al [7] divided the psychological demand at work into two aspects. The first one is the demand that offers autonomy for the decision making and creates personal growth and satisfaction in the worker, despite the possible requirements such as time pressure and high levels of responsibility at work. The second aspect is the demand faced when dealing with obstacles of organizational and political conflicts. It impairs or delays the development of tasks, stresses the workers and has a negative correlation with work engagement. It is possible that this negative aspect of the demand is present in the aircraft maintenance industry investigated. However, high scores of work engagement do not support this hypothesis. Marras [32] suggests that psychosocial stress is more likely to influence spine loading at low levels of work intensity than at high levels of biomechanical demand. In this case, workers can show good psychosocial indicators and still report complaints, particularly considering the lower back. It indicates that physical factors of the workplace can be associated with the results of WRMD found among the participants.
Finally, the prediction of musculoskeletal disorders has high correlation with the presence of previous symptoms. The probability of recurrence of injury is related with the great vulnerability of the affected tissues, increased sensitivity to pain and permanent exposure to risk factors at the workplaces [29, 16] . When considering psychosocial aspects, the low-quality in communication shows the highest correlation with the development of WRMD [3] . Moreover, the higher the psychological demand at work, the higher the risk of stress and absenteeism. Job resources increase engagement and reduce the risk of stress [18, 7] .
Workers of the aircraft maintenance industry involved with manual material handling tasks are exposed to good psychosocial conditions, which does not prevent WRMD since the report of pain and functional incapacity was high and particularly associated with the lower back. It indicates the presence of physical risk factors of the workplaces that must be investigated.
